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I  I n t r o d u c t i o n

ln this paper the finite clcmcnt  rncthod  (1’12h4) is used in conjunctioIl  with the rncthod  of
morncnts  (MoM) and the mode rnal,ching tcc}lniquc (MM) to calculate return 10SSCS a n d
radiation patterns for axisymrnctric  wavcguidc fcd horl w. The coupling of the F’l;M to the
MoM, on onc band, and the coupling of the FEM  to the MM, on the otbcr,  arc performed by
using boundary integrals. Onc advantage of t,}lis approach is that it allows for the prcscncc
of inbomogcncous  rnatcrials  to bc included in the modclling  domain as t}lis poses no special
problcrns  for the 11’ItM.  In this respect, this method difrcrs from the work of IIcrtbon  and
IIills [1] who usc only t}lc MoM wit}l a single wavcguidc mode serving as the excitation.

Aflcr  describing the basic t,hcory, the rncthc)d is apldicd  to the hcml s}lown irl l~igurc 1.
The two dimensional modclling  domain for this horn, dcpictcd  ill F’ig;urc 2, clearly shows
where the 11’llM/MoM and the l~llM/MM  boundary sllrfaccs  arc located. Comparisons of
rncasurcd  and calculated far field radiation patterns a~ld rctur  n loss arc then shown. It is
noted that this rncthod  gcncratcs  a sparcc,  diagonal] y di )minant,  corllplcx-syrnrnctric  systcrn
matrix which may bc solved with stand:~rd library routi)lcs.  Moreover, t,}lis 11’PIM formulation
has been shown to bc free of spurious solutions [2].

I I  T h e o r y

q’hc systcrn  matrix for the problcm  is found by coupling wavcguidc modes (MM) to tbc
hybrid symmetric finite c]rncnt rncthod  (I ISFltM  ) as dcvclopcd  by 1 Ioppc,  ]Epp and 1,CC [3].
This coupling is cfrcctcd by tbc usc of two equations: t}lc wave equation for t}lc electric field
and the rnatcbing  of the tangential electric field at t}m wavcguidc/l~ltM  intcrfacc.  q’hcsc
cquatiorw,  w}lcn cnforccd in a weak sctwc, lead LO
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rcspcctivcly.  If the test vectors in (1), w, arc chcxwrr  to bc tllc set of fillitc clcrncnt  basis
functions and t}lc t,cst vectors in (2), u, arc chosen to bc the set of wavcguidc mode vectors,
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it is seen that I,hc surface integrals in the the 1,11S of (2) and the lasl tcrrn  of the 1.11S of
(1) coup]c t}lc l~12M to the MM at their cornrnon  inter face. !t’hc following matrix equation

In this equation, t,hc unknowns to h dctcrrnincd,  C};, CJ, CM, and b rcprcscrrt  t}lc ampli-
tudes of the electric field within the F1lM region, the electric and nlagnctic  surface currcnt,s
on the l~llM/MoM  surface and the rcftcctcd  wavcguidc  rrlodc cocfhcicnts  at the lWM/WG in-
tcrfacc,  rcspcctivcly.  As noted in the introduction, the systcm  matrix is cc)mplcx-syrnrnctric,
sparse and diagonally dominant.

I I I  R e s u l t s

in this section, the rncthod  outlined above is app]icd to the open-pipe horn antenna shown
in Figure 1. ‘l%is horn was designed by Tom otoshi of t,}lc Jet ]’rc)pulsion ],ahoratory to bc
used aboard the NASA Cassini  Spacccrafl  as a low giiin antenna. g’hc two frcqucncics  of
operation of this horn arc 7.175 Gllz arid 8.425 GIIz. ‘1’hc radiation is ItCl’.  It features two
chokes to ensure operation in a tralanccd  hybrid rnodc thus reducing cross polar radiation.

The finite  clcrncnt  region shown in l’igurc  2 was meshed using approxirnatc]y  35 (linear)
nodes pcr waw:]cngl}l at the highest frequency of sirnlllation,  8.6 G] lx. Also, 8 wavcguidc
modes of w~imut}]al index, n = 1, were allowed to exist at the l~lOhl/MM  intcrfacc.  l%is
unnecessarily higl] rncs}l density and large nurrrbcr  of wavcguidc rnodcs was chosen in order
to guarantee that l,hc solution obtained would alrcacly }) avc convcrgcd. !l%c resultant systcrn
matrix is of order h’ = 5073.

l’igurc  3 shows the calculated and mcasur cd rctur~l  loss over a band of frcqucncics  ex-
tending from 7.0 G] lx to 8.6 (;1 Iz. The rncawrrcd rct,urn loss was riot time gatcd  and thus
includes the cornbincd cfrccts of a rcflcclion  duc to the horn wit,}l a reflection duc to a po-
larizer  used to trarlsition  from rectangular to circular w[ivcguidc.  h’orlunatcly,  this polarizer
is p]accd  far crlough away from t}lc horn such that the IIighcr order modes gcncratcd  do not
coup]c into the horn. Note that t,}lcrc is a glitch in the ~ncasurcd  curve at 8.47 GIIz. This is
duc to a 7’A401 rnodc which begins to propagritc  at that frequency. l’ina]ly, l~igurc 4 shows
the far fic]d patlcrrl at 8.425 GIIz. Good agrccmcnt  nmy bc stat,cd.
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Cassini Low Gain Antenna (1.GA2)
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Figure 2. Computational domain.
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Far field pattern for Cassini 1..GA2 horn.
RC1’ excitation at 8.425 GIIz.
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